II. MAtERIALS ANd MEtHOdS
The measurements presented were acquired on two different accelerator platforms. The first was a Siemens ONCOR linear accelerator with a 160-leaf multileaf collimator and a 550 TxT treatment couch using methods described previously. (2) The second was an Elekta Infinity with an MLCi2 and iBEAM evo Couchtop EP. All gantry and treatment couch angles are expressed relative to an observer looking at the gantry from the foot of the treatment couch when it is in the 0° position. The treatment couch is at 0° when it is aligned parallel to the axis of gantry rotation, 90° when rotated to the observer's right, and 270° to the observer's left. The treatment couch can be offset to the observer's right (positive) and left (negative). The gantry angle is 0° when the radiation field is pointing vertically down, and the gantry angle increases as the gantry rotates clockwise relative to its axis. This system corresponds to the IEC 1217, with the exception of the couch vertical which is expressed as positive going down compared to negative (in IEC 1217). Treatment couch positions were measured between 90° and 270° crossing through 0°. Treatment couch vertical positions of 10, 15, and 20 cm below the axis of gantry rotation and lateral treatment couch offsets of 0 and ± 10 cm were selected since they encompass the majority of clinical situations. Symmetry was verified for both machines (e.g., gantry 75°, couch 30° is equal to gantry 285°, couch 330°).
The maximum couch angle achievable for each gantry position was determined by first rotating the gantry to a position and then rotating the couch such that it was within 1° of colliding with the gantry. Measurements were taken at higher sampling rate near collision zones, and the gantry angle sampling frequency was at least 5°. For the Siemens platform, the patient's presence was simulated by placing typical vacuum-based immobilization systems on the treatment couch, which had a height of 25 cm and a width of 50 cm. For the Elekta platform, an Eelkta BodyFix immobilization system was used with the compression paddle attachment in place. Any near-collisions with the immobilization systems were assumed to be patient collisions also.
III. RESuLtS
Figures 1-3 pertain to treatment couch lateral offsets of 0 cm, +10 cm, and -10 cm, respectively, for a Siemens linac and couch, and show the corresponding allowable gantry angles, treatment couch angles, and treatment couch heights. Figures 4-6 show similar data for an Elekta linac/couch combination. The area inside the curves, including the origin, is the "collision free" zone. 
IV. dISCuSSION & CONCLuSIONS
The most conservative estimate for a collision-free couch angle at a given gantry angle, treatment couch height and treatment couch offset may be read from the appropriate plot by finding the gantry angle on the outside of the polar plot and tracing toward the origin to find the treatment couch angle. The most conservative estimate for safe gantry-couch angle combination is not always associated with the same couch height, which reflects consideration for anterior versus posterior oblique gantry angles.
When the couch is rotated towards the gantry, the gantry always collides with the base of the couch regardless of which vertical treatment couch position is used. For treatment couch heights of 20 cm below isocenter, the collision occurs sooner than for 15 cm or less due to the presence of pendant holders on the left and right of the Siemens 550 TXT couch. For instance in Fig. 1 , the couch and gantry do not collide at couch height of 10 cm or 15 cm when the gantry is 175° and a couch angle is 90°; however, if the couch height is dropped to 20 cm, there will be a collision at that same gantry and couch angles.
The Elekta couch has the option to fold the pendant out of the way and, therefore, it behaves in a much more predictable manner.
